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(57) ABSTRACT

Disclosed is an organic electroluminescent device (organic
EL device) which is improved in luminous efficiency, suf-
ficiently secures driving stability, and has a simple configu-
ration. The organic EL device of this invention comprises a
light-emitting layer between an anode and a cathode piled
one upon another on a substrate wherein the light-emitting
layer contains a phosphorescent dopant and a 1,9-substituted
carbazole compound as a host material. An example of the
1,9-substituted carbazole compound is represented by the
following general formula (1). In formula (1), Ar is an
aromatic hydrocarbon group or aromatic heterocyclic group;
L is an aromatic hydrocarbon group or aromatic heterocyclic
group; each of R, to R; is a hydrogen atom, an alkyl group,
a cycloalkyl group, an aromatic hydrocarbon group, or an
aromatic heterocyclic group; n is an integer of 1 to 3.
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Fig. 3
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Fig. 5
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1
ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

This invention relates to an organic electroluminescent
device using a carbazole compound of a specified structure.

BACKGROUND TECHNOLOGY

An organic electroluminescent device (hereinafter
referred to as organic EL device) in the simplest structure is
generally constituted of a light-emitting layer and a pair of
counter electrodes holding the light-emitting layer between
them. The organic EL device functions by utilizing the
following phenomenon; upon application of an electric field
between the electrodes, electrons are injected from the
cathode and holes are injected from the anode and they
recombine in the light-emitting layer with emission of light.

In recent years, organic thin films have been utilized in the
development of organic EL devices. In particular, in order to
enhance the luminous efficiency, the kind of electrodes has
been optimized for the purpose of improving the efficiency
of injecting carriers from the electrodes and a device has
been developed in which a hole-transporting layer composed
of an aromatic diamine and a light-emitting layer composed
of 8-hydroxyquinoline aluminum complex (Alq3) are dis-
posed in thin film between the electrodes. This device has
brought about a marked improvement in the luminous
efficiency over the conventional devices utilizing single
crystals of anthracene and the like and thereafter the devel-
opmental works of organic EL. devices have been directed
toward commercial applications to high-performance flat
panels featuring self-luminescence and high-speed response.

Further, in an effort to enhance the luminous efficiency of
the device, the use of phosphorescence in place of fluores-
cence is investigated. The aforementioned device compris-
ing a hole-transporting layer composed of an aromatic
diamine and a light-emitting layer composed of Alq3 and
many others have utilized fluorescence. The use of phos-
phorescence, that is, emission of light from the triplet
excited state, is expected to enhance the luminous efficiency
three to four times that of the conventional devices using
fluorescence (emission of light from the singlet excited
state). To achieve this objective, the use of coumarin deriva-
tives and benzophenone derivatives in the light-emitting
layer was investigated, but these derivatives merely pro-
duced luminance at an extremely low level. Europium
complexes were also investigated in trials to utilize the
excited triplet state, but they failed to emit light at high
efficiency. In recent years, as stated in patent document 1, a
large number of researches are conducted on phosphorescent
dopant materials with the objective of enhancing the lumi-
nous efficiency and extending the life while giving priority
to utilization of organic metal complexes such as iridium
complexes.

PRIOR ART TECHNICAL DOCUMENTS
Patent Documents

JP 2003-515897 A
JP 2001-313178 A
WO 2009/086028
JP 2005-093159 A
CN101126020
CN101139317

Patent document 1:
Patent document 2:
Patent document 3:
Patent document 4:
Patent document 5:
Patent document 6:
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Non-Patent Documents

Non-patent document 1: Applied Physics Letters, 2003,
82, 2422-2424

In order to obtain high luminous efficiency, a host material
to be used together with the aforementioned dopant material
becomes important. Of the host materials proposed thus far,
typical examples are 4,4'-bis(9-carbazolyl)biphenyl (herein-
after referred to as CBP), a carbazole compound presented
in patent document 2, and 1,3-dicarbazolybenzene (herein-
after referred to as mCP) presented in non-patent document
1. Since CBP is characterized by having a good hole transfer
property but a poor electron transfer property, the use of
CBP as a host material for tris(2-phenylpyridine)iridium
complex (hereinafter referred to as Ir(ppy);), a typical
phosphorescent green light-emitting material, disturbs the
balanced injection of charges and causes excessive holes to
flow out to the side of the electron-transporting layer. The
results is a reduction in the luminous efficiency of Ir(ppy);.
On the other hand, mCP exhibits relatively good luminous
characteristics when used as a host material for bis[2-(4,6-
difluorophenyl)-pyridinato-N,C2"|(picolinate) iridium com-
plex (hereinafter referred to as Flrpic), a typical phospho-
rescent blue light-emitting material. However, mCP is not
satisfactory for practical use particularly from the viewpoint
of durability.

As described above, in order for an organic EL device to
display high luminous efficiency, host materials which are
well balanced in the characteristics relating to injection and
transportation of electric charges (holes and electrons) are
required. Among such host materials, those having higher
triplet excited energy (hereinafter referred to as T1 energy)
are preferred. Furthermore, compounds which are electro-
chemically stable, highly resistant to heat, and excellently
stable in the amorphous state are desired and further
improvements are demanded.

Patent document 3 discloses the carbazole compound
shown below as a light-emitting material.

In the aforementioned compound, the 9 position of the
carbazole ring in the center has a dibenzothienyl group as a
substituent, but the 1 position has no substituent and the 3
position has a carbazolyl group as a substituent. A structure
such as this shows low stability against electric charges and
is not suited for practical use.
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Patent document 4 discloses the carbazole compound
shown below as a light-emitting material.

wlole

The aforementioned compound has phenyl groups as
substituents at the 1 and 9 positions. This structure shows a
poor balance of electric charges and does not provide
sufficient luminous efficiency.

Further, patent document 5 discloses the carbazole com-
pound shown below as a light-emitting material.

The aforementioned compound has a phenyl group at the
1 position and a methyl group at the 9 position. The presence
of an alkyl group at the 9 position causes the conjugation to
extend broadly and, as a result, the T1 energy decreases and
sufficient luminous efficiency is not obtained. Moreover, an
organic EL. device using the aforementioned compound
deteriorates markedly in durability because of the presence
of an alkyl group at the 9 position.

Patent document 6 discloses the carbazole compound
shown below as a light-emitting material.

O S0

The aforementioned compound has a pyrenyl group,
which is a fused aromatic group composed of more than two
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rings, at the 1 position. However, the presence of an alkyl
group at the 9 position causes the conjugation to extend
broadly and, as a result, the T1 energy decreases and
sufficient luminous efficiency is not obtained. Moreover, an
organic ELL device using the aforementioned compound
deteriorates markedly in durability because of the presence
of an alkyl group at the 9 position.

As described above, patent document 3 discloses a car-
bazole compound having a fused aromatic group composed
of two rings or more, but does not disclose a carbazole
compound having substituents at both the neighboring 1 and
9 positions. Patent documents 4 to 6 disclose carbazole
compounds having substituents at the 1 and 9 positions,
either monocyclic aryl groups at the 1 and 9 positions or an
alkyl group at the 9 position. Hence, these patent documents
do not disclose a carbazole compound having aromatic
groups, either one of which is a fused ring, at the 1 and 9
positions.

A large number of studies have been conducted on car-
bazole derivatives since they have excellent charge transfer
properties and electrochemical stability as described above.
However, they do not yet have characteristics satisfactory
for practical use in phosphorescent light-emitting devices
and there is a demand for further improvements.

SUMMARY OF THE INVENTION

In applications of organic EL devices to display devices
such as flat panel displays, it is necessary to enhance the
luminous efficiency of the device and, at the same time, to
sufficiently secure the driving stability of the device. Under
the aforementioned circumstances, an object of this inven-
tion is to provide an organic EL device exhibiting such
luminous efficiency and driving stability as to be practically
useful and to provide a compound suitable therefor.

The inventors of this invention have conducted intensive
studies, found that the use of a carbazole compound having
aromatic groups, at least one of which is a fused aromatic
group, as substituents at the 1 and 9 positions as a material
for a phosphorescent light-emitting device can display
excellent characteristics, and completed this invention.

Accordingly, this invention relates to an organic electrolu-
minescent device comprising an anode, a plurality of organic
layers, and a cathode piled one upon another on a substrate
wherein the plurality of organic layers comprise an organic
layer containing a carbazole compound having aromatic
groups selected from aromatic hydrocarbon groups and
aromatic heterocyclic groups, at least one of the said aro-
matic groups having a fused ring structure composed of two
rings or more, as substituents at the 1 and 9 positions and
having the total of 20 to 80 carbon atoms as a material for
a phosphorescent light-emitting device.

Preferable examples of the aforementioned carbazole
compound are compounds represented by the following
general formula (1) or (2).

M
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-continued

@

In general formulas (1) and (2), each Ar is independently
an aromatic group selected from aromatic hydrocarbon
groups of 6 to 24 carbon atoms and aromatic heterocyclic
groups of 3 to 23 carbon atoms; L is an aromatic group
selected from aromatic hydrocarbon groups of 6 to 30
carbon atoms and aromatic heterocyclic groups of 3 to 30
carbon atoms; each of R, to R is independently a hydrogen
atom, an alkyl group of 1 to 10 carbon atoms, a cycloalkyl
group of 3 to 11 carbon atoms, an aromatic hydrocarbon
group of 6 to 18 carbon atoms, or an aromatic heterocyclic
group of 3 to 17 carbon atoms; n is an integer of 1 to 3; when
nis 2 or more, a plurality of Ar’s or R, to R, may be identical
with or different from one another; however, at least one of
Ar and L is an aromatic group having a fused ring structure
composed of 2 rings or more.

In general formula (1) or (2), it is preferable that one or
both of Ar and L are derived, the former as a monovalent
aromatic group and the latter as an n-valent aromatic group,
from an aromatic compound represented by the following
general formula (3).

X, Y. X,

)l(ll/ ji I \\)l(l

X Z =X
~x 7 x7

In general formula (3), each X, is independently CR, or
a nitrogen atom; Y is —O—, —S—, or —NR,— Z is a
direct bond, —O—, —S—, —NRs—, —CR,Ry—, or a
group represented by the following formula (Z-1); each of
R, to Ry is independently a hydrogen atom, an alkyl group
of'1 to 10 carbon atoms, a cycloalkyl group of 3 to 11 carbon
atoms, an aromatic hydrocarbon group of 6 to 18 carbon
atoms, or an aromatic heterocyclic group of 3 to 17 carbon
atoms; however, the aromatic group derived from a com-
pound represented by general formula (3) is a monovalent
aromatic group in case it is Ar or an n-valent aromatic group
in case it is L.

(©)

“-1)

In general formula (3), it is preferable that Z is a direct
bond.
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In general formula (1) or (2), it is equally preferable that
either Ar or L is a monovalent or n-valent aromatic group
derived from an aromatic compound represented by the
following general formula (4).

()]
Ryg

X2 \ X

)l\ )\
RT1 X2 Rz

In general formula (4), each X, is independently CR,, or
a nitrogen atom; each of R, to R, is independently a
hydrogen atom, an alkyl group of 1 to 10 carbon atoms, a
cycloalkyl group of 3 to 11 carbon atoms, an aromatic
hydrocarbon group of 6 to 18 carbon atoms, or an aromatic
heterocyclic group of 3 to 17 carbon atoms; however, the
aromatic group derived from general formula (4) is a mon-
ovalent aromatic group in case it is Ar or an n-valent
aromatic group in case it is L.

It is desirable that the organic layer containing a material
for a phosphorescent light-emitting device is at least one
layer selected from the group consisting of a light-emitting
layer, a hole-transporting layer, an electron-transporting
layer, and a hole-blocking layer. Further, it is desirable that
the organic layer containing a material for a phosphorescent
light-emitting device is a light-emitting layer containing a
phosphorescent dopant. Still further, it is desirable that light
emitted from the phosphorescent dopant has a peak wave-
length in the range below 550 nm.

The 9 position of carbazole is known to have high electron
density and show high reactivity: the hydrogen atom at the
9 position is active in the unsubstituted structure whereas the
carbon and hydrogen atoms linked to the 9 position are
active in an alkyl-substituted structure. The use of a carba-
zole compound either unsubstituted or alkyl-substituted at
the 9 position in an organic EL device markedly deteriorates
the durability. Therefore, in order to improve the durability
of an organic EL device, it becomes essential to use a
carbazole compound having an aromatic group as a sub-
stituent at the 9 position. Furthermore, substitution of the
hydrogen atoms at the neighboring 1 and 9 positions of a
carbazole compound with aromatic groups, at least one of
which is a fused aromatic group composed of two rings or
more, increases the strain of the carbazole skeleton and
suppresses extension of the molecular orbitals distributed
over respective substituents. The electrochemical stability
(stability against oxidation or reduction) is closely related to
the molecular orbitals contributing thereto (the highest occu-
pied molecular orbital (HOMO) in oxidation and the lowest
unoccupied molecular orbital (LUMO) in reduction) and, in
order to improve the stability of the molecule itself against
electric charges, it is absolutely necessary to design a
molecule so that the HOMO is distributed in the part of high
stability against oxidation and the LUMO is distributed in
the part of high stability against reduction. It is conceivable
that the aforementioned suppression of extension of the
molecular orbital has the effect of distributing the molecular
orbitals in the parts of high stability against oxidation and
reduction and providing good stability against electric
charges. It is further conceivable that an increase in the strain
of the whole compound suppresses extension of the conju-
gation of the whole molecule and increases the energy. It is
inferred that, due to the aforementioned effect, the carbazole
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compound to be used in this invention has good stability
against electric charges and provides a phosphorescent host
material of higher T1 energy.

The carbazole compound of this invention is thought to
have an ability to adjust the barriers to injection of electric
charges at lower levels by exercising the aforementioned
control of extension of the molecular orbitals. Thus, incor-
poration of the carbazole compound of this invention as a
phosphorescent light-emitting material in the light-emitting
layer improves the balance of electric charges and the
probability of their recombination. In short, an organic ELL
device using the said phosphorescent light-emitting material
attains high luminous efficiency. In addition, the said mate-
rial exhibits good characteristics in the amorphous state,
high heat resistance, and electrochemical stability and real-
izes an organic EL device of long driving life and high
durability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the cross section of an example of an
organic EL device.
FIG. 2 shows a
FIG. 3 shows a
FIG. 4 shows a
FIG. 5 shows a
FIG. 6 shows a
FIG. 7 shows a
FIG. 8 shows a

'H-NMR chart of Compound 1.
'H-NMR chart of Compound 2.
'H-NMR chart of Compound 18.
'H-NMR chart of Compound 82.
'H-NMR chart of Compound 83.
'H-NMR chart of Compound H-1.
'H-NMR chart of Compound H-2.

PREFERRED EMBODIMENTS OF THE
INVENTION

The carbazole compound to be used in this invention has
aromatic groups selected from aromatic hydrocarbon groups
and aromatic heterocyclic groups as substituents at the 1 and
9 positions of the carbazole ring and at least one of the
aromatic groups has a fused ring structure composed of two
rings or more. The substituents at the 1 and 9 positions are
aromatic groups and the aromatic groups here are meant to
include aromatic hydrocarbon groups and aromatic hetero-
cyclic groups. The carbazole compound to be used in this
invention is hereinafter also referred to as a 1,9-substituted
carbazole compound.

A preferable 1,9-substituted carbazole compound is rep-
resented by the aforementioned general formula (1) or (2).
In general formulas (1) and (2), Ar is an aromatic group
selected from aromatic hydrocarbon groups of 6 to 24
carbon atoms and aromatic heterocyclic groups of 3 to 23
carbon atoms. This aromatic group may or may not have a
substituent.

Preferable examples of the aromatic groups having no
substituent include monovalent aromatic groups formed by
removing one hydrogen atom from benzene, pyridine,
pyrimidine, triazine, furan, thiophene, naphthalene, fluo-
rene, phenanthrene, anthracene, pyrene, indole, quinoline,
isoquinoline, naphthyridine, quinoxaline, quinazoline, ben-
zofuran, benzothiophene, carbazole, acridine, phenanthro-
line, phenothiazine, phenoxazine, dibenzofuran, dibenzoth-
iophene, dibenzazepine, and tribenzazepine.

Preferable examples of aromatic groups having a sub-
stituent include aromatic groups obtained by replacing a
hydrogen atom of the aforementioned aromatic groups hav-
ing no substituent with a suitable substituent. Specific
examples of the substituent include an alkyl group of 1 to 4
carbon atoms, an alkoxyl group of 1 to 2 carbon atoms, an
acetyl group, an aryl group of 6 to 12 carbon atoms, and a
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heteroaryl group of 3 to 11 carbon atoms. More preferable
examples include a phenyl group, a naphthyl group, a
carbazolyl group, a quinolyl group, and an isoquinolyl
group. In this specification, the number of carbon atoms in
an aromatic group represented by Ar or L. does not include
the number of carbon atoms in a substituent. However, it is
preferable that the number of carbon atoms in Ar or L
remains in the aforementioned range even when the number
of carbon atoms in a substituent is included. In the case
where the carbazole compound in this invention has two or
more carbazole rings in the molecule, at least one of the
carbazole rings needs to have the aforementioned aromatic
groups as substituents at the 1 and 9 positions. This particu-
lar carbazole ring is hereinafter referred to as the central
carbazole ring. Further, the central carbazole ring may be
substituted with carbazole at other position.

In general formulas (1) and (2), Ar is preferably a mon-
ovalent aromatic group derived from the aromatic com-
pound represented by the aforementioned general formula
(3) or (4). General formulas (3) and (4) will be explained
additionally later on.

In general formulas (1) and (2), L is an aromatic group
selected from aromatic hydrocarbon groups of 6 to 30
carbon atoms and aromatic heterocyclic groups of 3 to 30
carbon atoms. This aromatic group may or may not have a
substituent.

Preferable examples of the aromatic groups having no
substituent include n-valent groups formed by removing n
number of hydrogen atoms from benzene, pyridine, pyrimi-
dine, triazine, furan, thiophene, naphthalene, fluorene,
phenanthrene, anthracene, pyrene, indole, quinoline, isoqui-
noline, naphthyridine, quinoxaline, quinazoline, benzofuran,
benzothiophene, carbazole, acridine, phenanthroline, phe-
nothiazine, phenoxazine, dibenzofuran, dibenzothiophene,
dibenzazepine, and tribenzazepine.

Specific examples of aromatic groups having a substituent
include aromatic groups obtained by replacing a hydrogen
atom of the aforementioned aromatic groups having no
substituent with a suitable substituent. Specific examples of
the substituent include an alkyl group of 1 to 4 carbon atoms,
an alkoxyl group of 1 to 2 carbon atoms, and an acetyl group.
The aforementioned substituent may further have a substitu-
ent and preferable examples of such a substituent include an
alkyl group of 1 to 4 carbon atoms, an alkoxyl group of 1 to
2 carbon atoms, an acetyl group, an aryl group of 6 to 12
carbon atoms, and a heteroaryl group of 3 to 11 carbon
atoms. More preferable examples include a phenyl group, a
naphthyl group, a carbazolyl group, a quinolyl group, and an
isoquinolyl group.

Furthermore, Ar or I may be an aromatic group in which
a plurality of the aforementioned aromatic groups having no
substituent are linked together. In this case, the aromatic
group in question may be regarded as a group consisting of
an aromatic group which is linked to the central carbazole
ring and other aromatic groups linked to the said aromatic
group as substituents. Specific examples of such an aromatic
group include monovalent or n-valent groups derived from
biphenyl, terphenyl, bipyridine, bipyrimidine, phenylpyri-
dine, diphenylpyridine, phenylpyrimidine, diphenylpyrimi-
dine, phenyltriazine, diphenyltriazine, and phenylcarbazole.

In general formulas (1) and (2), substitution of L. takes
place at the 1 or 9 position of the central carbazole ring.
Whenn is 2 or 3, L is linked to the central carbazole ring and
also to other carbazole rings. The position of substitution at
other carbazole rings is not limited and it may be on a
terminal ring or a ring in the middle.



US 9,461,250 B2

9

In general formulas (1) or (2), at least one of Ar and L is
an aromatic group having a fused ring structure composed of
two rings or more. Here, in the case where an aromatic group
of'a fused ring structure has a substituent, the aromatic group
of a fused ring structure needs to be linked directly to the
central carbazole ring and, in the case where the aromatic
group of a fused ring structure has an aromatic group as a
substituent, this substituent aromatic group may be a mono-
cyclic ring. Preferably, at least one of Ar and L is an aromatic
heterocyclic ring composed of two rings or more and, more
preferably, at least one of Ar and L has a fused ring structure
represented by general formula (3).

In general formula (1) or (2), Ar or L is represented no less
preferably by general formula (4). In this case, if one is an
aromatic group represented by general formula (4), the other
is an aromatic group having a fused ring structure composed
of two rings or more.

In general formula (1) or (2), each of R, to R; is inde-
pendently a hydrogen atom, an alkyl group of 1 to 10 carbon
atoms, a cycloalkyl group of 3 to 11 carbon atoms, an
aromatic hydrocarbon atom of 6 to 18 carbon atoms, or an
aromatic heterocyclic group of 3 to 17 carbon atoms;
preferably a hydrogen atom, an alkyl group of 1 to 4 carbon
atoms, a cycloalkyl group of 3 to 6 carbon atoms, a phenyl
group, a naphthyl group, a pyridyl group, a pyrimidyl group,
a triazyl group, or a carbazolyl group; more preferably a
hydrogen atom, a phenyl group, or a carbazolyl group. In the
case where each of R to R, is a group other than a hydrogen
atom, such other group may have a substituent. Examples of
a preferable substituent include an alkyl group of 1 to 4
carbon atoms, an alkoxyl group of 1 to 2 carbon atoms, an
acetyl group, an aryl group of 6 to 12 carbon atoms, and a
heteroaryl group of 3 to 11 carbon atoms. Examples of a
more preferable substituent include a phenyl group, a naph-
thyl group, a carbazolyl group, a quinolyl group, and an
isoquinolyl group.

In general formula (1) or (2), n is an integer of 1 to 3,
preferably 1 or 2.

When n is 2 or more in general formula (1) or (2), a
plurality of Ar’s or R, to R, may be identical with or
different from one another.

In general formula (3), each X, is independently CR, or

a nitrogen atom, preferably CR,; Y is —O—, —S— or
—NRs—, preferably —S— or —NRs—; Z is a direct bond,
—0—, —S—, —NRy—, —CR,R4—, or a group repre-

sented by formula (Z-1), preferably a direct bond, —O—,
—S—, or —NR—, more preferably a direct bond.

Each of the aforementioned R, to Ry is independently a
hydrogen atom, an alkyl group of 1 to 10 carbon atoms, a
cycloalkyl group of 3 to 11 carbon atoms, an aromatic
hydrocarbon group of 6 to 18 carbon atoms, or an aromatic
heterocyclic group of 3 to 17 carbon atoms. At least one of
R, and Ry is preferably a hydrogen atom. When the aromatic
group derived from a compound represented by general
formula (3) is a monovalent or n-valent aromatic group, one
or n number of R, to R, come off to be replaced by a direct
bond. One of the direct bonds is linked to the 1 or 9 position
of the central carbazole ring. In the case where L has two
direct bonds or more, one is linked to the central carbazole
ring while the others are linked to other carbazole rings.

Each of R, to Ry is preferably a hydrogen atom, an alkyl
group of 1 to 4 carbon atoms, a cycloalkyl group of 3 to 6
carbon atoms, a phenyl group, a naphthyl group, a pyridyl
group, a pyrimidyl group, a triazyl group, or a carbazolyl
group, more preferably, a hydrogen atom, a phenyl group, or
a carbazolyl group. In the case where each of R, to Ry is a
group other than a hydrogen atom, such other group may

20

30

35

40

45

55

10

have a substituent. Examples of a preferable substituent
include an alkyl group of 1 to 4 carbon atoms, an alkoxyl
group of 1 to 2 carbon atoms, an acetyl group, an aryl group
of 6 to 12 carbon atoms, and a heteroaryl group of 3 to 11
carbon atoms. Examples of a more preferable substituent
include a phenyl group, a naphthyl group, a carbazolyl
group, a quinolyl group, and an isoquinolyl group.

In general formula (4), each X, is independently CR,, or
a nitrogen atom, preferably CR,.

In general formula (4), each of R, to R, is independently
a hydrogen atom, an alkyl group of 1 to 10 carbon atoms, a
cycloalkyl group of 3 to 11 carbon atoms, an aromatic
hydrocarbon group of 6 to 18 carbon atoms, or an aromatic
heterocyclic group of 3 to 17 carbon atoms. When a com-
pound represented by general formula (4) generates a mon-
ovalent or n-valent aromatic group, one or n number of R,
to R, come off to be replaced by a direct bond. One of the
direct bonds is linked to the 1 or 9 position of the central
carbazole ring. In the case where L has two direct bonds or
more, one is linked to the central carbazole ring while the
others are linked to other carbazole rings.

Each of Ry to R, is preferably a hydrogen atom, an alkyl
group of 1 to 4 carbon atoms, a cycloalkyl group of 3 to 6
carbon atoms, a phenyl group, a naphthyl group, a pyridyl
group, a pyrimidyl group, a triazyl group, or a carbazolyl
group, more preferably, a hydrogen atom, a phenyl group, or
a carbazolyl group. In the case where each of R to R, isa
group other than a hydrogen atom, such other group may
have a substituent. Examples of a preferable substituent
include an alkyl group of 1 to 4 carbon atoms, an alkoxyl
group of 1 to 2 carbon atoms, an acetyl group, an aryl group
of 6 to 12 carbon atoms, and a heteroaryl group of 3 to 11
carbon atoms. Examples of a more preferable substituent
include a phenyl group, a naphthyl group, a carbazolyl
group, a quinolyl group, and an isoquinolyl group.

In general formula (1) or (2), the T1 energy is 2.85 eV or
more, preferably 2.90 eV or more, more preferably 3.00 eV
or more.

The values of the T1 energy as used in this specification
are values obtained using Gaussian 03, a software for
molecular calculation manufactured by Gaussian Inc. of
USA and are defined as values obtained by structure opti-
mization calculation at the B3LYP/6-31G*B3LYP/cc-pVDZ
level.

The 1,9-substituted carbazole compound to be used in this
invention can be synthesized by a known method by using
a carbazole derivative having a halogen atom as a substitu-
ent at the 1 position as a starting material and selecting raw
materials according to the structure of the target compound.

For example, the 1-fluorocarbazole skeleton of a carba-
zole derivative having a fluorine atom as a substituent at the
1 position can be synthesized by the following reaction with
reference to a synthetic example described in Angew.
Chem., Int. Ed., 2007, No. 46, pp 1627-1629.

F Cl

NH, Br

s

-0
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On the other hand, the 1-bromocarbazole skeleton of a -continued
carbazole derivative having a bromine atom as a substituent
at the 1 position can be synthesized by the following reaction
with reference to synthetic examples described in Synlett,
2000, No. 30, pp 131-140 and J. Org. Chem., No. 66, pp >
8612-8615.

NH HCl

10
~ NH,
—_—
Br
15
O,
B
N 20
7
NH
(¢]
Br
25
O
30
N —_—
N e
Br O
35
40
I Br
N
45

Specific examples of the 1,9-substituted carbazole com-
pounds represented by general formulas (1) and (2) are
illustrated below, but the 1,9-substituted carbazole com-
pounds to be used in this invention are not limited thereto.

—
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-continued

Provided that an organic EL device comprises an anode,
a plurality of organic layers, and a cathode piled one upon
another on a substrate, incorporation of the 1,9-substituted
carbazole compound of this invention in at least one of the
organic layers helps to provide an excellent organic EL
device. An organic layer suitable for this purpose is a
light-emitting layer, a hole-transporting layer, an electron-
transporting layer, or a hole-blocking layer. Preferably, the
1,9-substituted carbazole compound is incorporated as a
host material in a light-emitting layer containing a phospho-
rescent dopant.

An organic EL, device according to this invention is
explained hereinafter.

The organic EL device of this invention comprises at least
one organic layer comprising a light-emitting layer and,
further, at least one organic layer containing a 1,9-substi-
tuted carbazole compound between an anode and a cathode
piled one upon another on a substrate. Advantageously, the
1,9-substituted carbazole compound is contained in a light-
emitting layer together with a phosphorescent dopant.
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The structure of the organic EL device of this invention is
explained hereinafter with reference to the drawing, but it
will not be limited to the one illustrated in the drawing.

FIG. 1 schematically illustrates an example of the struc-
ture of an organic EL device generally used in this invention
and the numbers in FIG. 1 stand for the following: 1 for a
substrate, 2 for an anode, 3 for a hole-injecting layer, 4 for
a hole-transporting layer, 5 for a light-emitting layer, 6 for
an electron-transporting layer, and 7 for a cathode. The
organic EL device of this invention may further comprise an
exciton-blocking layer adjacent to the light-emitting layer or
an electron-blocking layer between the light-emitting layer
and the hole-injecting layer. The exciton-blocking layer may
be inserted either on the anode side or on the cathode side
of'the light-emitting layer or may be inserted simultaneously
on both sides. The organic EL device of this invention
comprises the substrate, the anode, the light-emitting layer,
and the cathode as essential layers. However, it is preferable
that the device comprises a hole-injecting/transporting layer
and an electron-injecting/transporting layer in addition to the
essential layers and further comprises a hole-blocking layer
between the light-emitting layer and the electron-injecting/
transporting layer. The hole-injecting/transporting layer
means a hole-injecting layer and/or a hole-transporting layer
while the electron-injecting/transporting layer means an
electron-injecting layer and/or an electron-transporting
layer.

The organic EL device of this invention can be so con-
structed as to have a structure that is the reverse of the
structure illustrated in FIG. 1 by piling the cathode 7, the
electron-transporting layer 6, the light-emitting layer 5, the
hole-transporting layer 4, and the anode 2 one upon another
in this order on the substrate 1. In this case, it is possible to
add or omit a layer or layers according to the need.

—Substrate—

The organic EL device of this invention is preferably
supported by a substrate. There is no specific restriction on
the substrate and any of the substrates which have been used
customarily in organic EL devices can be used. A substrate
made from a material such as glass, transparent plastic, and
quartz may be used.

—Anode—

The anode of an organic EL device is preferably made
from an electrode substance having a high work function (4
eV or more) such as a metal, an alloy, an electrically
conductive compound, and a mixture thereof. Specific
examples of the electrode substances of this kind include
metals such as Au and electrically conductive transparent
materials such as Cul, indium tin oxide (ITO), SnO,, and
ZnO. Further, a material such as IDIXO (In,0;,—Z7n0)
which is amorphous and formable into a transparent elec-
trically conductive film may be used. The anode may be
formed by preparing a thin film from any of those electrode
substances by a method such as vapor deposition and
sputtering and then forming a pattern of desired shape on the
thin film by photolithography. Or, in the case where high
accuracy is not required in patterning (100 um or more), a
pattern may be formed through a mask of desired shape
during vapor deposition or sputtering of the aforementioned
electrode substance. In the case where a substance which is
applicable by a coating method such as an electrically
conductive organic compound is used, a wet film-forming
process such as printing and coating may be employed.
When emitted light is taken out from the anode, the trans-
mittance is desirably set at 10% or more and the sheet
resistance as the anode is preferably several hundred Q/[] or
less. Further, the thickness of the film is normally selected
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from the range of 10 to 1,000 nm, preferably 10 to 200 nm, -continued
although it varies with the film-forming material.

—Cathode—

Meanwhile, the cathode is made from an electrode sub-
stance having a low work function (4 eV or less) such as a 5
metal, an alloy, an electrically conductive compound, and a
mixture thereof. Specific examples of the electrode sub-
stances of this kind include sodium, a sodium-potassium
alloy, magnesium, lithium, a magnesium/copper mixture, a
magnesium/silver mixture, a magnesiun/aluminum mix-
ture, a magnesium/indium mixture, an aluminum/aluminum
oxide (Al,0,) mixture, indium, a lithium/aluminum mix-
ture, and a rare earth metal. From the viewpoint of electron-
injecting property and durability against oxidation and the
like, a mixture of an electron-injecting metal and a second CH;
metal which is higher in work function and more stable than 15
the electron-injecting metal is suitable for use as an elec-
trode substance and examples thereof include a magnesium/
silver mixture, a magnesium/aluminum mixture, a magne-
sium/indium mixture, an aluminum/aluminum oxide
(AL O;) mixture, a lithium/aluminum mixture, and alumi- 20
num. The cathode is formed by preparing a thin film from
any of those electrode substances by a method such as vapor
deposition and sputtering. The sheet resistance as the cath-
ode is preferably several hundred Q/[] or less and the
thickness of the film is selected from the range of 10 nm to 55
5 pm, preferably 50 to 200 nm. Making either the anode or
the cathode of an organic EL. device transparent or translu-
cent in order to transmit emitted light advantageously
improves the luminance.

A transparent or translucent cathode may be made by 30
forming a cathode with a film thickness of 1 to 20 nm from CF3
the aforementioned metal and then forming thereon a film of
one of the electrically conductive transparent materials
described above in explanation of the anode. This method
can be applied to fabricate a device in which both the anode
and the cathode display good transmittance properties. 35

—Light-Emitting Layer—

The light-emitting layer is a phosphorescent light-emit-
ting layer and contains a phosphorescent dopant and a host
material. Examples of the phosphorescent dopant include an
organic metal complex containing at least one metal selected 40
from ruthenium, rhodium, palladium, silver, rhenium,
osmium, iridium, platinum, and gold. The organic metal
complexes of this kind are known in the aforementioned
prior art technical documents and elsewhere and a suitable
organic metal complex may be selected from them and used. 45
It is preferable that light emitted from the phosphorescent
dopant has a peak wavelength below 550 nm.

Preferable examples of the phosphorescent dopant
include a complex containing a noble metal element such as
Ir in the center, typically Ir(ppy)s, a complex such as s,
(Bt),Iracac, and a complex such as (Btp)Ptacac. Specific
examples of those complexes are illustrated below, but the
complexes useful for this invention are not limited thereto.

10

55

60

65




US 9,461,250 B2
41 42

-continued -continued

Et

Et

Et

Me

60

65




US 9,461,250 B2

43
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The content of the aforementioned phosphorescent dopant ¢5s
in the light-emitting layer is preferably in the range of 5 to
30 wt %.
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It is preferable to use a 1,9-substituted carbazole com-
pound as a host material in the light-emitting layer. How-
ever, in the case where the said carbazole compound is used
in an organic layer other than the light-emitting layer, a host
material other than the 1,9-substituted carbazole compound
may be used in the light-emitting layer. Further, the 1,9-
substituted carbazole compound may be used together with
other host material. Still further, plural kinds of known host
materials may be used together.

Among the known host compounds, those which are
suitable for use preferably have abilities to transport holes
and electrons, can prevent the wavelength of emitted light
from shifting to longer wavelengths, and have a high glass
transition temperature.

Such host materials other than the 1,9-substituted carba-
zole compounds are known in a large number of patent
documents and elsewhere and a suitable material may be
selected from them. Specific examples include, but are not
limited to, indole derivatives, carbazole derivatives, indolo-
carbazole derivatives, triazole derivatives, oxazole deriva-
tives, oxadiazole derivatives, imidazole derivatives, pol-
yarylalkane derivatives, pyrazoline derivatives, pyrazolone
derivatives, phenylenediamine derivatives, arylamine
derivatives, amino-substituted chalcone derivatives, styry-
lanthracene derivatives, fluorenone derivatives, hydrazone
derivatives, stilbene derivatives, silazane derivatives, aro-
matic tertiary amine compounds, styrylamine compounds,
aromatic dimethylidene-based compounds, porphyrin-based
compounds, anthraquinodimethan derivatives, anthrone
derivatives, diphenylquinone derivatives, thiopyran dioxide
derivatives, heterocyclic tetracarboxylic acid anhydrides of
naphthalene and perylene, a variety of metal complexes
represented by metal complexes of phthalocyanine deriva-
tives and 8-quinolinol derivatives, metal phthalocyanines,
and metal complexes of benzoxazole derivatives and ben-
zothiazole derivatives, and polymer compounds such as
polysilane-based  compounds,  poly(N-vinylcarbazole)
derivatives, aniline-based copolymers, thiophene oligomers,
polythiophene derivatives, polyphenylene derivatives, poly-
phenylenevinylene derivatives, and polyfluorene deriva-
tives.

—Injecting Layer—

The injecting layer is a layer which is provided between
an electrode and an organic layer to reduce the driving
voltage and improve the luminance. The injecting layer
includes a hole-injecting layer and an electron-injecting
layer and may be provided respectively between the anode
and the light-emitting layer or the hole-transporting layer
and between the cathode and the light-emitting layer or the
electron-transporting layer. The injecting layer may be pro-
vided according to the need.

—Hole-Blocking Layer—

The hole-blocking layer has a function of the electron-
transporting layer in a broad sense and is composed of a
hole-blocking material which has an extremely poor ability
to transport holes while having a function of transporting
electrons. The hole-blocking layer can improve the prob-
ability of recombination of electrons and holes by transport-
ing electrons while blocking holes.

It is preferable to use a 1,9-substituted carbazole com-
pound in the hole-blocking layer. However, in the case
where the said carbazole compound is used in an organic
layer other than the hole-blocking layer, a known hole-
blocking material may be used instead. Further, any one of
the materials for the electron-transporting layer to be
described later on may be used as a hole-blocking material
according to the need.
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—FElectron-Blocking Layer—

The electron-blocking layer is made from a material
which has an extremely poor ability to transport electrons
while having a function of transporting holes and it can
improve the probability of recombination of electrons and
holes by transporting holes while blocking electrons.

As a material for the electron-blocking layer, any one of
the materials for the hole-transporting layer to be described
later on may be used according to the need. The thickness of
the electron-blocking layer is preferably 3 to 100 nm, more
preferably 5 to 30 nm.

—Exciton-Blocking Layer—

The exciton-blocking layer is a layer for blocking exci-
tons that are generated by the recombination of holes and
electrons in the light-emitting layer from diffusing to the
charge-transporting layer. The insertion of this layer makes
it possible to efficiently confine excitons in the light-emitting
layer and enhance the luminous efficiency of the device. The
exciton-blocking layer may be inserted either on the anode
side or on the cathode side adjacent to the light-emitting
layer or simultaneously on both the anode and the cathode
sides.

Examples of a material for the exciton-blocking layer
include 1,3-dicarbazolylbenzene (mCP) and bis(2-methyl-
8-quinolinolato)-4-phenylphenolatoaluminum(IIl) (BAlq).

—Hole-Transporting Layer—

The hole-transporting layer is made from a hole-trans-
porting material which has a function of transporting holes
and it may be provided in a single layer or a plurality of
layers.

The hole-transporting material has either a property of
injecting or transporting holes or a property of constituting
a barrier to electrons and it may be an organic substance or
an inorganic substance. It is preferable to use a 1,9-substi-
tuted carbazole compound in the hole-transporting layer, but
a suitable material may be selected from the known com-
pounds and used. Specific examples of known hole-trans-
porting materials suitable for use include triazole deriva-
tives, oxadiazole derivatives, imidazole derivatives,
polyarylalkane derivatives, pyrazoline derivatives, pyra-
zolone derivatives, phenylenediamine derivatives, arylam-
ine derivatives, amino-substituted chalcone derivatives,
oxazole derivatives, styrylanthracene derivatives, fluo-
renone derivatives, hydrazone derivatives, stilbene deriva-
tives, silazane derivatives, aniline-based copolymers, and
electrically conductive oligomers, particularly thiophene
oligomers. Preferable examples include porphyrin com-
pounds, aromatic tertiary amine compounds, and styrylam-
ine compounds and more preferable examples include aro-
matic tertiary amine compounds.

—Electron-Transporting Layer—

The electron-transporting layer is made from a material
which has a function of transporting electrons and may be
provided in a single layer or a plurality of layers.

An electron-transporting material (serving also as a hole-
blocking material in some cases) may be an arbitrary mate-
rial so long as it has a function of transporting electrons that
are injected from the cathode to the light-emitting layer. It is
preferable to use the material represented by general formula
(1) of this invention, but an arbitrary material may be
selected from the known compounds and used. Examples of
such known compounds include nitro-substituted fluorene
derivatives, diphenylquinone derivatives, thiopyran dioxide
derivatives, carbodimide, fluorenylidenemethane deriva-
tives, anthraquinodimethan derivatives, anthrone deriva-
tives, and oxadiazole derivatives. Further, thiadiazole
derivatives which are derived from the aforementioned
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oxadiazole derivatives by substituting a sulfur atom for the
oxygen atom of the oxadiazole ring and quinoxaline deriva-
tives which have a quinoxaline ring known as an electron-
withdrawing group may be used as electron-transporting
materials. Further, polymer materials which contain any of
these materials in the polymer chain or polymer materials
whose backbone is constituted of any of these materials may
be used.

EXAMPLES

This invention is explained in more detail hereinafter with
reference to the examples. However, this invention is not
limited to the examples and can be reduced to practice in
various modes unless such a practice exceeds the gist of this
invention.

The 1,9-substituted carbazole compounds to serve as
materials for phosphorescent light-emitting devices were
synthesized by the routes shown below. The compound
numbers correspond to the numbers assigned to the afore-
mentioned chemical formulas.

Synthetic Example 1

Synthesis of Compound 1
F Cl
+ —
NH, Br
I F
N,
)
S
(-
Br Br
H
N
S
N Br
®)
I F
N,
)
)
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-continued

®)

©

©

H
N,

Under a nitrogen atmosphere, 7.0 g (0.0313 mol) of
palladium acetate, 88 g (0.0626 mol) of a 20 wt % toluene
solution of tricyclohexylphosphine, and 150 mL of 1-meth-
ylpyrrolidone (NMP) were stirred at 60° C. for 1 hour. To the
resulting yellow solution were added 69.6 g (0.627 mol) of
1-fluoroaniline, 100 g (0.522 mol) of 1-bromochloroben-
zene, 330 g (1.56 mol) of tripotassium phosphate, and 1,500
ml of NMP with stirring at room temperature. Thereafter,
the mixture was stirred at 130° C. overnight. The reaction
solution was cooled to room temperature, then the precipi-
tated crystal was collected by filtration, and the solvent was
distilled off under reduced pressure. The residue thus
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obtained was purified by silica gel column chromatography
to give 19.53 g (0.105 mol, 20.2% yield) of Intermediate A
as a white solid.

Under a nitrogen atmosphere, 40.0 g (0.117 mol) of
2,8-dibromodibenzothiophene, 24.0 g (0.143 mol) of carba-
zole, 89.1 g (0.468 mol) of copper iodide, 99.3 g (0.468 mol)
of tripotassium phosphate, 56.2 mL (0.468 mol) of trans-1,
2-cyclohexanediamine, and 1,000 mL. of 1,4-dioxane were
stirred at 120° C. for 4 hours. The reaction solution was
cooled to room temperature, then the precipitated crystal
was collected by filtration, and the solvent was distilled off
under reduced pressure. The residue thus obtained was
purified by silica gel column chromatography to give 14.7 g
(34.3 mmol, 29.3% yield) of Intermediate B as a white solid.

Under a nitrogen atmosphere, 6.29 g (0.0340 mol) of
Intermediate A, 9.70 g (0.0226 mol) of Intermediate B, 17.2
g (0.0904 mol) of copper iodide, 19.2 g (0.0904 mol) of
tripotassium phosphate, 10.9 mL (0.0904 mol) of trans-1,2-
cyclohexanediamine, and 120 ml of 1,4-dioxane were
stirred at 120° C. overnight. The reaction solution was
cooled to room temperature, then the precipitated crystal
was collected by filtration, and the solvent was distilled off
under reduced pressure. The residue thus obtained was
purified by silica gel column chromatography to give 9.30 g
(17.5 mmol, 77.3% yield) of Intermediate C as a white solid.

Under a nitrogen atmosphere, 2.42 g (0.0608 mol) of
sodium hydride (60.4% dispersion) and 15 mL of dehy-
drated N,N-dimethylformamide (DMF) were stirred at room
temperature for 0.5 hour. To the resulting dispersion was
added a solution of 8.48 g (0.0507 mol) of carbazole in
dehydrated DMF (35.2 mL) and the mixture was stirred at
room temperature for 30 minutes. To the resulting dispersion
was added 9 g (0.0169 mol) of Intermediate C and the
mixture was stirred at 140° C. for 4 days. The reaction
solution was cooled to room temperature, then distilled
water (500 mL) was added with stirring, and the precipitated
light yellow solid was collected by filtration. The light
yellow solid thus obtained was purified by silica gel column
chromatography and reslurrying with application of heat to
give 2.05 g (2.94 mmol, 17.8% yield) of Compound 1 as a
white solid. APCI-TOFMS: m/z 680 [M+H]*. The results of
'H-NMR measurement (solvent: CDCl,) are shown in FIG.
2.

Synthetic Example 2

Synthesis of Compound 2
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Under a nitrogen atmosphere, 25.0 g (0.0623 mol) of
3,6-dibromo-9-phenylcarbazole, 10.4 g (0.0623 mol) of car-
bazole, 2.38 g (0.0125 mol) of copper iodide, 52.9 g (0.249
mol) of tripotassium phosphate, 14.2 g (0.124 mol) of
trans-1,2-cyclohexanediamine, and 1,000 mL. of 1,4-dioxane
were heated at 90° C. with stirring for 1 hour. The reaction
solution was cooled to room temperature, then the precipi-
tated crystal was collected by filtration, and the solvent was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
to give 12.9 g (26.4 mmol, 42.4% yield) of Intermediate D
as a white solid.

Under a nitrogen atmosphere, 6.4 g (0.0346 mol) of
Intermediate A, 13.0 g (0.0266 mol) of Intermediate D, 20.2
g (0.106 mol) of copper iodide, 22.5 g (0.106 mol) of
tripotassium phosphate, 12.7 mL (0.106 mol) of trans-1,2-
cyclohexanediamine, and 115 ml. of 1,4-dioxane were
heated at 110° C. with stirring overnight. The reaction
solution was cooled to room temperature, then the precipi-
tated crystal was collected by filtration, and the solvent was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
to give 8.6 g (14.5 mmol, 55.0% yield) of Intermediate E as
a white solid.

Under a nitrogen atmosphere, 1.8 g (0.0432 mol) of
sodium hydride (56.4% dispersion) and 11 mL of dehydrated
DMF were stirred at room temperature for 0.5 hour. To the
resulting dispersion was added a solution of 6.0 g (0.0359
mol) of carbazole in dehydrated DMF (25 mL) and the
mixture was stirred at room temperature for 30 minutes. To
the resulting dispersion was added 8.5 g (14.4 mmol) of
Intermediate E and the mixture was stirred at 130° C. for 14
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days. The reaction solution was cooled to room temperature,
then distilled water (300 mL.) was added with stirring, and
the precipitated light yellow solid was collected by filtration.
The light yellow solid thus obtained was purified by silica
gel column chromatography and recrystallization to give
3.10 g (4.19 mmol, 29.0% yield) of Compound 2 as a white
solid. APCI-TOFMS: m/z 739 [M+H]*. The results of
'H-NMR measurement (solvent: CD,Cl,) are shown in FIG.
3.

Synthetic Example 3

Synthesis of Compound 18

HO OH
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Under a nitrogen atmosphere, 69.2 g (0.219 mol) of
1,3,5-tribromobenzene, 54.5 g (0.447 mol) of phenylboronic
acid, 12.0 g (0.0104 mol) of tetrakis(triphenylphosphine)
palladium(0), a solution of 121 g of sodium carbonate in
water (450 mL), 800 mL of toluene, and 400 mL. of ethanol
were stirred at 90° C. for 2 hours. The reaction solution was
cooled to room temperature and then distilled water (500
ml) and toluene (500 ml.) were added with stirring. The
organic layer was washed with distilled water (3x500 mL).
The organic layer was dried over anhydrous magnesium
sulfate, the magnesium sulfate was separated by filtration,
and the solvent was distilled off under reduced pressure. The
residue thus obtained was purified by silica gel column
chromatography to give 44.7 g (0.144 mol, 65.7% yield) of
Intermediate F as a white solid.

Under a nitrogen atmosphere, 4.00 g (0.0216 mol) of
Intermediate A, 10.0 g (0.0323 mol) of Intermediate F, 16.5
g (0.0864 mol) of copper iodide, 18.3 g (0.0864 mol) of
tripotassium phosphate, 10.0 mL (0.0864 mol) of trans-1,2-
cyclohexanediamine, and 72 mL of 1,4-dioxane were heated
at 120° C. with stirring for 4 hours. The reaction solution
was cooled to room temperature, then the precipitated crys-
tal was collected by filtration, and the solvent was distilled
off under reduced pressure. The residue thus obtained was
purified by silica gel column chromatography to give 8.5 g
(20.5 mmol, 94.9% yield) of Intermediate G as a white solid.

Under a nitrogen atmosphere, 3.3 g (0.0785 mol) of
sodium hydride (56.4% dispersion) and 20 mL of dehy-
drated DMF were stirred at room temperature for 0.5 hour.
To the resulting dispersion was added a solution of 10.9 g
(0.0654 mol) of carbazole in dehydrated DMF (45.4 ml)
and the mixture was stirred at room temperature for 30
minutes. To the resulting dispersion was added 8.5 g (20.5
mmol) of Intermediate G and the mixture was stirred at 130°
C. for 3 days. The reaction solution was cooled to room
temperature, then distilled water (200 mL) was added with
stirring, and the precipitated light yellow solid was collected
by filtration. The light yellow solid thus obtained was
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purified by silica gel column chromatography and reslurry-
ing with application of heat to give 2.70 g (4.81 mmol,
22.0% vyield) of Compound 18 as a white solid. APCI-
TOFMS: m/z 561 [M+H]*. The results of '"H-NMR mea-
surement (solvent: CDCl;) are shown in FIG. 4.

Synthetic Example 4

Synthesis of Compound 82

(H)

(H)

Under a nitrogen atmosphere, 25.0 g (0.135 mol) of
Intermediate A, 21.0 g (0.0519 mol) of 4,4'-diiodobiphenyl,
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39.5 g (0.207 mol) of copper iodide, 43.9 g (0.207 mol) of
tripotassium phosphate, 25.0 mL (0.207 mol) of trans-1,2-
cyclohexanediamine, and 450 ml of 1,4-dioxane were
heated at 120° C. with stirring for 18 hours. The reaction
solution was cooled to room temperature, then the precipi-
tated crystal was collected by filtration, and the solvent was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
to give 10.4 g (20.1 mmol, 38.7% yield) of Intermediate H
as a white solid.

Under a nitrogen atmosphere, 4.9 g (0.115 mol) of sodium
hydride (56.4% dispersion) and 30 mL of dehydrated DMF
were stirred at room temperature for 0.5 hour. To the
resulting dispersion was added a solution of 16.0 g (0.0960
mol) of carbazole in dehydrated DMF (60 mL) and the
mixture was stirred at room temperature for 30 minutes. To
the resulting dispersion was added 10.0 g (19.2 mmol) of
Intermediate H and the mixture was stirred at 130° C. for 6
days. The reaction solution was cooled to room temperature,
then distilled water (200 mL) was added with stirring, and
the precipitated light yellow solid was collected by filtration.
The light yellow solid thus obtained was purified by silica
gel column chromatography and recrystallization to give
2.40 g(2.94 mmol, 15.3% yield) of Compound 82 as a white
solid. APCI-TOFMS: m/z 815 [M+H]". The results of
'H-NMR measurement (solvent: CD,Cl,) are shown in FIG.
5.

Synthetic Example 5

Synthesis of Compound 83
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N cl N, cl
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Under a nitrogen atmosphere, 43.0 g (0.232 mol) of
Intermediate A, 41.0 g (0.277 mol) of 2,6-dichloropyridine,
82.0 g (0.431 mol) of copper iodide, 92.0 g (0.433 mol) of
tripotassium phosphate, 50.0 mL (0.416 mol) of trans-1,2-
cyclohexanediamine, and 500 ml. of 1,4-dioxane were
heated at 110° C. with stirring for 6 hours. The reaction
solution was cooled to room temperature, then the precipi-
tated crystal was collected by filtration, and the solvent was
distilled off under reduced pressure. The residue thus
obtained was purified by silica gel column chromatography
to give 40.4 g (0.136 mol, 74.9% yield) of Intermediate I as
a white solid.

Under a nitrogen atmosphere, 38.4 g (0.161 mol) of nickel
chloride hexahydrate, 195.0 g (0.743 mol) of triphenylphos-
phine, and 500 mL of dehydrated DMF were heated at 60°
C. for 20 minutes. Thereafter, 14.8 g (0.214 mol) of zinc
powder was added and the mixture was heated at 60° C. for
2 hours. To the resulting dispersion was added a solution of
40.0 g (0.134 mol) of Intermediate I in dehydrated DMF (90

56
ml) and the mixture was stirred at 60° C. for 1 hour. The
reaction solution was cooled to room temperature, then a
10% aqueous ammonia solution (1,000 mL) was added with
stirring, and the precipitated gray solid was collected by
5 filtration. The grey solid thus obtained was purified by
crystallization to give 20.4 g (39.0 mmol, 29.1% yield) of
Intermediate J as a white solid.

Under a nitrogen atmosphere, 4.4 g (0.115 mol) of sodium
hydride (62.0% dispersion) and 30 mL of dehydrated DMF
were stirred at room temperature for 0.5 hour. To the
resulting dispersion was added a solution of 15.9 g (0.0955
mol) of carbazole in dehydrated DMF (66 mL) and the
mixture was stirred at room temperature for 30 minutes. To
the resulting dispersion was added 10.0 g (21.1 mmol) of
Intermediate J and the mixture was stirred at 130° C. for 7
days. Two batches of this reaction solution were cooled to
room temperature, then distilled water (500 mL.) was added
with stirring, and the precipitated gray solid was collected by
filtration. The gray solid thus obtained was purified by
crystallization to give 2.10 g (2.57 mmol, 6.71% yield) of
Compound 83 as a white solid. APCI-TOFMS: m/z 817
[M+H]*. The results of 'H-NMR measurement (solvent:
CD,Cl,) are shown in FIG. 6.
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Synthesis of Compound H-1
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Under a nitrogen atmosphere, 150 g (0.801 mol) of
2-bromophenylhydrazine hydrochloride, 190 g (1.28 mol) of
phthalic anhydride, and 4,500 mL of toluene were heated at
120° C. with stirring overnight. The reaction solution was
cooled to room temperature and then the precipitated light
yellow solid was collected by filtration. The light yellow
solid thus obtained was purified by reslurrying with appli-
cation of heat to give 181 g (0.570 mol, 71.1% yield) of
Intermediate K as a light yellow powder.

Under a nitrogen atmosphere, 126 g (0.397 mol) of
Intermediate K, 350 g (0.794 mol) of triphenylbismuthine,
108 g (0.596 mol) of copper acetate, and 3,000 mL, of
dehydrated methylene chloride were stirred in an ice bath.
Then, 41.3 mL (0.298 mol) of triethylamine was added
slowly so as not to raise the internal temperature above 5° C.
and then the mixture was heated at 50° C. with stirring
overnight. The reaction solution was cooled to room tem-
perature, then the precipitated light yellow solid was col-
lected by filtration, and the light yellow solid thus obtained
was purified by recrystallization to give 72.0 g (0.183 mol,
45.2% yield) of Intermediate L as a light yellow solid.

Under a nitrogen atmosphere, 30.0 g (0.0762 mol) of
Intermediate [. was mixed with 1,500 ml. of dehydrated
benzene, 50.8 g (0.381 mol) of aluminum chloride was
added at room temperature with stirring, and then the
mixture was stirred at room temperature for 3 hours. To the
mixture was added 900 mL of an aqueous sodium hydroxide
solution with stirring. The reaction solution was cooled to
room temperature and then distilled water (1,000 mL) and
toluene (1,000 ml.) were added with stirring. The organic
layer was washed with distilled water (3x1,000 mL). The
organic layer was dried over anhydrous magnesium sulfate,
the magnesium sulfate was separated by filtration, and the
solvent was distilled off under reduced pressure. The residue
thus obtained was purified by silica gel column chromatog-
raphy to give 8.0 g (0.0325 mol, 42.6% yield) of Interme-
diate M as a white solid.

Under a nitrogen atmosphere, 8.8 g (0.0325 mol) of
Intermediate M, 8.7 g (0.0715 mol) of phenylboronic acid,
3.3 g (2.86 mmol) of tetrakis(triphenylphosphine)palladium
(0), a solution of 13.6 g of sodium carbonate in water (60
ml), 180 mL of toluene, and 60 mL of ethanol were heated
at 90° C. with stirring overnight. The reaction solution was
cooled to room temperature and distilled water (300 mL)
was added with stirring. The organic layer was washed with
distilled water (3x300 mL.). The organic layer was dried over
anhydrous magnesium sulfate, the magnesium sulfate was
separated by filtration, and the solvent was distilled off under
reduced pressure. The residue thus obtained was purified by
silica gel column chromatography to give 7.0 g (28.7 mmol,
80.3% yield) of Intermediate N as a white solid.

H-1



US 9,461,250 B2

59

Under a nitrogen atmosphere, 7.0 g (0.0288 mol) of
Intermediate N, 5.3 g (0.0131 mol) of 4,4'-diiodobiphenyl,
1.24 g (6.55 mmol) of copper iodide, 14.5 g (0.104 mol) of
potassium carbonate, and 50 mL of quinoline were heated at
260° C. with stirring for 5 hours. The reaction solution was 3
cooled to room temperature and then the precipitated black
solid was collected by filtration. The black solid thus
obtained was purified by crystallization to give 4.0 g (6.28
mmol, 47.9% yield) of Compound H-1 as a white solid.
APCI-TOFMS: m/z 637 [M+H]*. The results of "H-NMR
measurement (solvent: THF-dy) are shown in FIG. 7.
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Under a nitrogen atmosphere, 60.0 g (0.358 mol) of
carbazole was mixed with 840 mL of acetic acid, 41.6 g
(0.250 mol) of potassium iodide and 53.6 g (0.250 mol) of
hydroiodic acid were added with stirring, and the mixture
was heated at 80° C. with stirring for 4 hours. The reaction
solution was cooled to room temperature, then distilled
water (1,000 mL) was added with stirring, and the precipi-
tated light yellow solid was collected by filtration. The light
yellow solid thus obtained was purified by reslurrying with
application of heat to give 50.0 g (0.170 mol, 47.6% yield)
of Intermediate O as a white solid.

Under a nitrogen atmosphere, 50.0 g (0.170 mol) of
Intermediate O was mixed with 215 mL (2.21 mol) of acetic
anhydride, 0.64 mL. (5.10 mmol) of boron trifluoride diethyl
ether complex was added with ice cooling and stirring, and
the mixture was heated at 80° C. with stirring for 0.5 hour.
The reaction solution was cooled to room temperature, then
distilled water (500 mL) was added with stirring, and the
precipitated light yellow solid was collected by filtration.
The light yellow solid thus obtained was purified by reslur-
rying to give 45.0 g (0.134 mol, 78.9% yield) of Interme-
diate P as a light yellow solid.

Under a nitrogen atmosphere, 45.0 g (0.134 mol) of
Intermediate P, 24.7 g (0.147 mol) of carbazole, 57.5 g
(0.402 mol) of copper oxide, and 1,000 mL of dimethylac-
etamide were heated at 160° C. with stirring for 3 days. The
reaction solution was cooled to room temperature, then
distilled water (1,000 mL.) was added with stirring, and the
organic layer was washed with distilled water (3x500 mL).
The organic layer was dried over anhydrous magnesium
sulfate, the magnesium sulfate was separated by filtration,
and the solvent was distilled off under reduced pressure. To
the residue thus obtained were added 200 mL of tetrahy-
drofuran, 100 mL of dimethyl sulfoxide, 33 g (0.588 mol) of
potassium hydroxide, and 10 mL of distilled water and the
mixture was heated at 80° C. with stirring for 2 hours. The
reaction solution was cooled to room temperature, toluene
(1,000 mL) and distilled water (500 mL) were added with
stirring, and the organic layer was washed with distilled
water (3x500 mL). The organic layer was dried over anhy-
drous magnesium sulfate, the magnesium sulfate was sepa-
rated by filtration, and the solvent was distilled off under
reduced pressure. The residue thus obtained was purified by
silica gel column chromatography to give 21.2 g (63.7
mmol, 47.5% yield) of Intermediate Q as a white solid.
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Under a nitrogen atmosphere, 10.0 g (0.0300 mol) of
Intermediate Q, 4.69 g (0.0116 mol) of 4,4'-diiodobiphenyl,
8.84 g (0.0464 mol) of copper iodide, 9.84 g (0.0464 mol)
of tripotassium phosphate, 5.6 mL (0.0464 mol) of trans-1,
2-cyclohexanediamine, and 100 ml. of 1,4-dioxane were
heated at 120° C. with stirring for 6 hours. The reaction
solution was cooled to room temperature, then the precipi-
tated crystal was collected by filtration, and the solvent was
distilled off under reduced pressure. The residue thus
obtained was purified by crystallization and silica gel col-
umn chromatography to give 2.2 g (2.69 mmol, 23.1% yield)
of Compound H-2 as a white solid. APCI-TOFMS: m/z 815
[M+H]*. The results of 'H-NMR measurement (solvent:
CD,Cl,) are shown in FIG. 8.

Compounds 4, 22, 57, and 87 were synthesized according
to the methods described in the aforementioned Synthetic
Examples and in the specification and used in the fabrication
of organic EL devices.

The calculated values of the T1 energy of the compounds
prepared in the aforementioned Synthetic Examples and of
CBP are shown in Table 1. The calculation was made by
using the aforementioned Gaussian 03. Here, CBP, Com-
pound H-1, and Compound H-2 are shown for the sake of
comparison. Table 1 confirms that the introduction of a
substituent composed of two rings or more to the 1 position
increases the T1 energy.

TABLE 1
Compound T1 energy (eV)

1 3.08
18 3.12
82 3.13
CBP 2.95
H-1 3.04
H-2 3.00

Example 1

The constituent layers were deposited in thin film by the
vacuum deposition process at a degree of vacuum of 2.0x
10~ Pa one upon another on a glass substrate on which a 110
nm-thick indium tin oxide (ITO) anode had been formed.
First, copper phthalocyanine (CuPc) was deposited on the
ITO anode to a thickness of 25 nm as a hole-injecting layer
and then N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine
(NPB) was deposited to a thickness of 90 nm as a hole-
transporting layer. Next, Compound 1 as a host material and
iridium(IID)bis[ (4,6-difluorophenyl)-pyridinato-N,C2'"|pico-
linate (Flrpic), a phosphorescent blue light emitter, as a
dopant were co-deposited from different deposition sources
to a thickness of 30 nm as a light-emitting layer. The
concentration of Flrpic was 10%. Next, Alq3 was deposited
to a thickness of 30 nm as an electron-transporting layer.
Further, lithium fluoride (LiF) was deposited on the elec-
tron-transporting layer to a thickness of 1.0 nm as an
electron-injecting layer. Finally, aluminum (Al) as an elec-
trode was deposited on the electron-injecting layer to a
thickness of 70 nm. The organic EL device thus fabricated
has a layered structure formed by inserting an electron-
injecting layer between the cathode and the electron-trans-
porting layer in FIG. 1

Each of the organic EL devices thus fabricated was
connected to an external power source and, when direct
current voltage was applied, the device was confirmed to
have the luminous characteristics shown in Table 2. In Table
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2, the values of the luminance, voltage, and luminous
efficiency are values obtained when the device was driven at
2.5 mA/em?. The peak wavelength of the spectrum of light
emitted from the device is 475 nm and this proves that light
is emitted from Flrpic.

Example 2
An organic EL. device was fabricated as in Example 1
except that Compound 2 was used as the host material in the
light-emitting layer in Example 1.
Example 3
An organic EL. device was fabricated as in Example 1
except that Compound 4 was used as the host material in the
light-emitting layer in Example 1.
Example 4
An organic EL. device was fabricated as in Example 1
except that Compound 18 was used as the host material in
the light-emitting layer in Example 1.
Example 5
An organic EL. device was fabricated as in Example 1
except that Compound 22 was used as the host material in
the light-emitting layer in Example 1.
Example 6
An organic EL. device was fabricated as in Example 1
except that Compound 57 was used as the host material in
the light-emitting layer in Example 1.
Example 7
An organic EL. device was fabricated as in Example 1
except that Compound 82 was used as the host material in
the light-emitting layer in Example 1.
Example 8
An organic EL. device was fabricated as in Example 1
except that Compound 83 was used as the host material in
the light-emitting layer in Example 1.
Example 9
An organic EL. device was fabricated as in Example 1
except that Compound 87 was used as the host material in
the light-emitting layer in Example 1.
Comparative Example 1
An organic EL. device was fabricated as in Example 1
except that CBP was used as the host material in the
light-emitting layer in Example 1.
Comparative Example 2
An organic EL. device was fabricated as in Example 1
except that Compound H-1 was used as the host material in
the light-emitting layer in Example 1.
Comparative Example 3
An organic EL. device was fabricated as in Example 1

except that Compound H-2 was used as the host material in
the light-emitting layer in Example 1.
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The organic EL devices fabricated in Examples 2 to 9 and
Comparative Examples 1 to 3 were evaluated as in Example
1 and they were confirmed to have the luminous character-
istics shown in Table 2. The peak wavelength of the spec-
trum of light emitted from each of the organic EL devices
fabricated in Examples 2 to 9 and Comparative Examples 1
and 2 was 475 nm and it was identified that light is emitted
from Flrpic. On the other hand, the peak wavelength of the
spectrum of light emitted from the organic EL device
fabricated in Comparative Example 3 was 505 nm and the
object emission of light was not obtained.

TABLE 2

Initial characteristics (@2.5 mA/em?)

Luminous

Luminance Voltage efficiency

Compound (cd/m?) V) (Im/W)
Example 1 1 142 8.0 2.2
2 2 144 8.2 2.2
3 4 140 8.1 2.2
4 18 128 8.1 2.0
5 22 143 8.2 2.2
6 57 144 8.2 2.2
7 82 139 8.5 2.1
8 83 135 7.5 2.3
9 87 145 8.3 2.1
Comparative CBP 91 8.5 1.3

Example 1

2 H-1 105 8.7 1.5
3 H-2 47 7.2 0.8

It is apparent from Table 2 that the use of the 1,9-
substituted carbazole compound in the light-emitting layer
in each of Examples 1 to 9 leads to display of higher
luminous characteristics than in other cases (Comparative
Examples 1, 2, and 3). This is due to the effects of control
of extension of the molecular orbitals and optimization of
the balance of electric charges caused by the introduction of
a fused-ring substituent composed of two rings or more to
the 1 position of carbazole and proves the superior perfor-
mance of the 1,9-substituted carbazole derivatives. These
results clearly indicate that the use of the aforementioned
carbazole compounds in the light-emitting layer realizes
organic EL devices of high efficiency.

Example 10

The constituent layers were deposited in thin film by the
vacuum deposition process at a degree of vacuum of 2.0x
10~ Pa one upon another on a glass substrate on which a 110
nm-thick indium tin oxide (ITO) anode had been formed.
First, copper phthalocyanine (CuPc) was deposited on the
ITO anode to a thickness of 25 nm as a hole-injecting layer
and then NPB was deposited to a thickness of 40 nm as a
hole-transporting layer. Next, Compound 1 as a host mate-
rial and Ir(ppy); as a dopant were co-deposited from differ-
ent deposition sources to a thickness of 40 nm as a light-
emitting layer. At this time, the concentration of Ir(ppy); was
10 wt %. Next, Alg3 was deposited to a thickness of 20 nm
as an electron-transporting layer. Further, lithium fluoride
(LiF) was deposited on the electron-transporting layer to a
thickness of 1 nm as an electron-injecting layer. Finally,
aluminum (Al) as an electrode was deposited on the elec-
tron-injecting layer to a thickness of 70 nm to complete the
fabrication of an organic EL device.

The organic EL device thus fabricated was connected to
an external power source and, when direct current voltage
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was applied, the device was confirmed to have the luminous
characteristics shown in Table 3. In Table 3, the values of the
luminance, voltage, and luminous efficiency are values
obtained when the device was driven at 20 mA/cm®. The
luminance half-life was evaluated by driving the device by
constant current at 20 mA/cm® and the results were con-
verted to the case where the initial luminance was 1,000
cd/m?. The peak wavelength of the spectrum of light emitted
from the device is 530 nm and this proves that light is
emitted from Ir(ppy);.

Example 11
An organic EL device was fabricated as in Example 10

except that Compound 2 was used as the host material in the
light-emitting layer in Example 10.

Example 12
An organic EL device was fabricated as in Example 10

except that Compound 4 was used as the host material in the
light-emitting layer in Example 10.

Example 13
An organic EL device was fabricated as in Example 10

except that Compound 18 was used as the host material in
the light-emitting layer in Example 10.

Example 14
An organic EL device was fabricated as in Example 10

except that Compound 22 was used as the host material in
the light-emitting layer in Example 10.

Example 15
An organic EL device was fabricated as in Example 10

except that Compound 57 was used as the host material in
the light-emitting layer in Example 10.

Example 16
An organic EL device was fabricated as in Example 10

except that Compound 82 was used as the host material in
the light-emitting layer in Example 10.

Example 17
An organic EL device was fabricated as in Example 10

except that Compound 83 was used as the host material in
the light-emitting layer in Example 10.

Example 18
An organic EL device was fabricated as in Example 10

except that Compound 87 was used as the host material in
the light-emitting layer in Example 10.

Comparative Example 4
An organic EL device was fabricated as in Example 10

except that CBP was used as the host material in the
light-emitting layer in Example 10.

Comparative Example 5
An organic EL device was fabricated as in Example 10

except that Compound H-1 was used as the host material in
the light-emitting layer in Example 10.

Comparative Example 6
An organic EL device was fabricated as in Example 10

except that Compound H-2 was used as the host material in
the light-emitting layer in Example 10.
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The organic EL devices fabricated in Examples 11 to 18 The invention claimed is:
and Comparative Examples 4 to 6 were evaluated as in 1. An organic electroluminescent device comprising:
Example 10 and they were confirmed to have the luminous an anode,

a plurality of organic layers, and
5 a cathode piled one upon another on a substrate,
wherein the plurality of organic layers comprise an

characteristics shown in Table 3. The peak wavelength of the
spectrum of light emitted from each of the organic EL

devices fabricated in Examples 11 to 18 and Comparative organic layer containing a carbazole compound
Examples 4 to 6 was 530 nm and it was identified that light selected from a carbazole compound represented by
is emitted from Ir(ppy);. general formula (1) or (2);
TABLE 3
Initial characteristics Life
(@20 mA/cm?) characteristics

Luminous  (@1000 cd/m?)

Luminance Voltage efficiency Luminance half
Compound (cd/m?) V) (Im/W) time (h)

Example 10 1 2010 9.1 35 1500

11 2 2100 9.2 3.6 1600

12 4 2000 9.0 35 1500

13 18 1850 9.1 3.2 1500

14 22 1960 9.3 33 1500

15 57 2200 9.3 3.7 1500

16 82 1500 9.2 2.6 1300

17 83 2300 8.5 4.3 1800

18 87 2210 9.1 3.8 1600

Comparative CBP 1120 8.7 2.0 1000
Example 4

5 H-1 1176 8.9 2.0 730

6 H-2 714 9.3 1.2 280

It is apparent from Table 3 that the use of the 1,9- 35

substituted carbazole compound in the light-emitting layer

in each of Examples 10 to 18 leads to display of higher

luminous characteristics than in other cases (Comparative A/
Examples 4, 5, and 6). Further, good driving life character- 4, )
istics and high stability are exhibited. This is due to the
effects of control of extension of the molecular orbitals and R,
optimization of the balance of electric charges caused by the = X
introduction of a fused-ring substituent composed of two }
rings or more to the 1 position of carbazole and proves the N
superior performance of the 1,9-substituted carbazole
derivatives. These results clearly indicate that the use of the
aforementioned carbazole compounds in the light-emitting
layer realizes organic EL devices of high efficiency. 50

M

@
INDUSTRIAL APPLICABILITY

The organic EL device of this invention satisfies a level of 55
performance required for practical use with respect to the
luminous characteristics, driving life, and durability and is
of high technical value because of its potential applicability
to flat panel displays (cellular phone display devices, ¢

vehicle-mounted display devices, office computer display
devices, and television sets), light sources utilizing the

characteristics of planar light emitters (illumination, light wherein, in general formulas (1) and (2), each Ar is

65 independently an aromatic group formed by removing
liquid crystal displays and meters), display boards, and 1 to 3 hydrogen atom(s) from an aromatic ring, the
marker lamps. aromatic group being selected from aromatic hydrocar-

sources for copying machines, and backlight sources for
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bon groups of 6 to 24 carbon atoms and aromatic
heterocyclic groups of 3 to 23 carbon atoms; L is an
aromatic group formed by removing 1 to 3 hydrogen
atom(s) from an aromatic ring, the aromatic group
being selected from aromatic hydrocarbon groups of 6
to 30 carbon atoms and aromatic heterocyclic groups of
3 to 30 carbon atoms; each of R, to R is independently
a hydrogen atom, an alkyl group of 1 to 10 carbon
atoms, a cycloalkyl group of 3 to 11 carbon atoms, an
aromatic hydrocarbon group of 6 to 18 carbon atoms,
or an aromatic heterocyclic group of 3 to 17 carbon
atoms; n is an integer of 1 to 3; when n is 2 or more,
a plurality of Ar’s or R, to R; may be identical with or
different from one another,

wherein at least one of Ar and L are derived, the former
as a monovalent organic group and the latter as an
n-valent aromatic group, from an aromatic compound
represented by the following general formula (3):

X, Y. X,
x7 X >y,
! P

1 P S|
~x7 7 x7

wherein each X is independently CR, or a nitrogen atom;
Y is —O—, —8—, or —NR;—; Z is a direct bond,
—0O—, —S—, —NR4+—, —CR,Ry—, or a group
represented by the following formula (Z-1); each of R,
to Ry is independently a hydrogen atom, an alkyl group
of' 1 to 10 carbon atoms, a cycloalkyl group of 3 to 11
carbon atoms, an aromatic hydrocarbon group of 6 to
18 carbon atoms, or an aromatic heterocyclic group of
3 to 17 carbon atoms; however, the aforementioned
aromatic group is a monovalent aromatic group in case
it is Ar or an n-valent aromatic group in case it is L.

(©)
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Z-1

wherein the carbazole compound has a total of 20 to 80
carbon atoms, and
wherein the carbazole compound is co-deposited with a
phosphorescent dopant to form a single layer, said
single layer being a light-emitting layer.
2. An organic electroluminescent device as described in
claim 1 wherein, in general formula (3), Z is a direct bond.
3. An organic electroluminescent device as described in
claim 1 wherein either Ar or L is a monovalent or n-valent
aromatic group derived from an organic compound repre-
sented by the following general formula (4):

()]
Ryg

X \ X
)\ )\
RT1 X2 Rz

wherein each X, is independently CR, or a nitrogen atom;
each of R, to R, , is independently a hydrogen atom, an alkyl
group of 1 to 10 carbon atoms, a cycloalkyl group of 3 to 11
carbon atoms, an aromatic hydrocarbon group of 6 to 18
carbon atoms, or an aromatic heterocyclic group of 3 to 17
carbon atoms; however, the aforementioned aromatic group
is a monovalent aromatic group in case it is Ar or an n-valent
aromatic group in case it is L.

4. An organic electroluminescent device as described in
claim 1 wherein light emitted front the phosphorescent
dopant has a peak wavelength below 550 nm.
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